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SPECIJ?IEDDIS!DUBUTIOITSOFLITTAT

SumRsmc SPEEDS

ByBarrettS.Baldwin,Jr.

SUMMARY.

Thelinearizedsupersonicflowtheoryhasbeenappliedtothe
calculationofthecamberandtwistrequiredforvariousliftdis-
tributionsona triangularwingwithleadingedgesbehindtheMach
cone.

Severalspecificexampleshavebeenderivedandplotsofthe
camberedsurfaces,thecorrespondingliftUstributions,smdvalues
ofthetheoreticaldragcoefficientsme presented.Theexamples
werechosentoavoidthesingularitiesinliftdistributionor
camberthatappearinpreviouslygivensolutionsandmaybeuseful
forpracticalapplicationssincetheyavoidlargepressurepeaks
andextremeamglesofWst.

INTRODUCTION

Thedesignofcamberedwingsrequiresa knowledgeoftherela-
tionbetweentheshapeofthelVMng surfaceandthedistribution
ofliftoverit. Torairfoilsoftriangularplanformatsupersonic
speed,twoexamplesofthisrelationareknown;namely,thelif%
distributionfora flatwingatanangleofattack(reference1)and
thecamberrequiredtosupporta uniformdistributionofliftover
thesurface(reference2).

Thesolutionfortheflatwingshowsaninfiniteconcentration
ofliftalongtheleadingedges,whilethatfortheuniformlift
distributionshowsthatanextremelylargeangleofattackatthe
centerlineofthetrianglewouldberequired.!t!hUS,bothsolutions
showsingularitieswhichthedesiguermaytishtoavoid.ItWS
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2 NACATNNO. IJ316

suggestedtothepresentatihorbyR.T.JonesthattheseundesiF
ableshgularitiesintheliftandcamberdistributioncouldbe
avoided,ata particularliftcoefficient,byanappropriatechoice
ofthefunctionsusedtorepresenttheliftdistributions.h the
presentreport,severalexamplesofsuchnonsingularliftdistribk
tionsandtheircorrespondingcsmibershapeshavebeenderived.

I?ollmdnga briefreviewofthemethod,a seriesoffunctions
capableofrepresentinga varietyofliftdistributionsispresm.ted.
Itisshownthatthedesiredpropertyoftheliftdistributionand
cauibershapecanbeac~evedbyanappropriaterelationbetweenthe
coefficientsofthisseries.Numdricalexamplesshowinglift
distributionsandcambershapeswhichinvolvetheftistfewtermsof
theg“emeralserieswe thengiven.

METHOD

\ conical.FlowTheory

ASintheusuallinearizedtheory(references3 andk),the
boundaryconditimsaresatisfiedinthehorizontalplanerather
thsmintheactualplaneofthewing.Thecoormte Wste% as
depictedinfigure1,ischosensothattheapexofthetriangleis
attheorigb. Thepositivex ads extendsbackintheplaneof
symmetryofthetriangle,thez directionisvertical,andtheplane
ofthetriangleisapproximatelyhorizontal.Thesynibolsusedare
definedinAppadixA.

W fractionalmrturbationvelocitiesaredenotedbyu,v,‘and
w (i.e.,fractions
respectively.The
andlowersurfaces

.

02 stresmvelocity)h
differenceinpressure
iS given by

$=4U

andtheslopeofthesurfaceby

&z—=axw
Thelinearizedequationissolvedusing

reference4. Solutionsarefoundfora Mach

thex,y,andz directions,
coefficimtbetweenupper

themethoddescribedin
nunberofJ??,butmay

‘7
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beextendedtootherMaohnmibersbytheuseofthewell-ownXhamdtl
tramd?ormation.

Ihreference4 itisshownthata specialcomplexvariable
existssuchthatiff(~)isanyanalyticfunctiond ~
u(~)= realpartoff({)andw(~)= real@ of (-{q.)

isa conicalsolutionoftheli~ized equation.

TheGomplexvariable~ representsa trandomtiond the
conicalflowfieldwhichcausesnodistortionc&theairfoilcoord&
natesonthe z=Oplaneinsidethel&chcone.,butplacestheMach
conealongthe reaiaxis in the ( plane
from1 to ~ Theexautexpressionfor ~

5’=1+E2

where

‘=*
Theuseofthevariable{ resultsina

boundaryconditionscmthe@ane z=O, since
simplificationof
itcsmbe shownthat

~ approachesy + iz as z approacheszero.
x

Toyieldtheliftingcase,f(~)mustbe sochos~thatitsreal.
partwillvanisheverywhereonthereal-s tithe [ ylaneexcept
onthewing,whichextendsfrom~=-to~=im. ~addition,the
real partoff(~)mustbeantisymmetricwithrespecttothereal.axis
inthe ~pm. IfthewfngliesentirelywithintheMachcone,
f(f’)mustvanishatinfinity.5is latterrequirementarises
becauseinthe ~planetheMachconeistobefoundatinfinityin
anydirectionaswellasalongthereal.axisaspreviouslydescribed.

I?orwingsinsidetheMachcone,theintegrationfor w canbe
takenalongtherealaxisfrom t=

i
ltoc?=g~wzero

everywhereontheMachconeiff ~)iszeroatinfinity.Thetmn
{? i~a dummyvariableofintegrationreplacing{ titheintegrsmi.

Thus,torepresenttheliftingsurface~a itspressuredistri-
bution,f(~)musthavethefold.owingproperties:

1. f(~)mustbeanau.alyticfunctionof ~.

.. ——. ——. . ..— .—— ——.—.—.— -.— ..— -—. —.——— —--—-



4 ~CA TNNO. 181J5

2. f(g)mustvanishatinfinity.

3. Therealpartoff(~)alongtherealaxismustrepresent
thedestredliftdistributionofthewing.

4. Therealpartoff(~)mustbeantisymmetzricwithrespectto
thereal-s tnthe ~@am.e.

WhencheckingaProsPectinf(~)againstthesefourrequh~
ments, ~ mpstbeconsidereda complexvariable.However,once
theserequir=entsaremet,allsubsequentcalcnibtionsaremadeon
the z== pl.aae,whichcorrespondstothereal@s tithe ~ plane,
sothat ~ ise@ to y/x, a rpl variable.I!businthefind
exp?essicmsfor u(C), w(~), and ~ (C)j ! is e@ to Y/xo

Anexsmpleofa functionsatisf@ngtheforegoingrequirementis

‘(L)=&
Here

or

U(x,y,o)=
~

overthewing.
F

Since

it isfolmldthat

w(~)”=-+ (d”+ forkll~m

and

.

.-. ,.. — ..— ——. —— --
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.

0

Thissolutiongivestheliftdistributionfora flattriangleat
angleofattaok.(Seereferenoe1.)

M a secondexample,choose

whereh thiscaseitisfoundthat

u(~)= n for

and

u(g)= Ofor l~lzm ‘

Mtegrationshowsthat

w(~)=

forthewholeregion.TMs soltiiongivestherequiredcamberand
twistfora unif&mliftdistribution;(See.efer&ce2.)

GeneralExprem3ionSforLift,Drag,andCember /

Thecsmberisdeterminedfromtherelations

or

an.

.Jy$)‘i’ tZ(x,y)= (la)

.. —— - . ..- ..—.— .—— —.— . .... - ----- ~. -- .--— — .—. .-. ——--— —--—--— -- -- ----



TheintegrationistakenfromXs= Iy[tox’=x Sothatthe
streamsurface-10••whichthewingMes mays@rtat z=O onthe
Machcone.Thus,theshapeofthesurfaceisobtatnedintheform
z = Z(x,y)●

Sincethgwingsurfaceisconigal,itsshapeH beexpressed
Intheform- = $ ((),thatis, ~ = functionof ~ where
=Z Fmt&more, theintegmtionforC x“ z canheaccomplished

intermsof~, thu13

;(H=-

ThemagnituaeofCsniber
fhlblgtheCollmmnfactorof
desiredlift

%=

If u=

Forthe

coefficient.

totallift.*
qX wingarea

Buy whereB

(lb)

isrelatedtgtheliftcoefficientby
u,w,and z whichwillyieldthe

MI-6

● 1

isthedestiedfactor,

-Wed triangularwingexta.mng
alongthecenterlineandfromy=–mtoy=+m
ingedge,theintegrationcanbeaccomplishedwith
tion iiitermsof ~. Since~ is
enclosedbya trianglethebaseof
edgeandthevertexof~ch isat

and,fora

%=$J’+m

+11

cor&nt inthe

fromlatox=l
alongthetrail-
a s-e tntegre
elem&

tich is @ alongthe
thevertexofthewing,

symmetricalaistributicm, .

ofarea
traillng

*

—.—.. —.-— —.. . . .-— —.- ——– —.. .——.. .. ——..—.
-.,
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~=4B m
-iii-
f0

Thecoefficientofdragduetoliftisobtainedasfoll.ows:

Theintegrationoverthewingcanagainbereducedtoa single
integrationintermsof ~.

,

I*

(3)

IToadditionaltermforleaedge suctionisrequiredbecause
thepressuredistributionschosenhavenoinfhitepressurepeaks
alongtheleadingedges.

and

sEEmsDEvELo-m AN

~ts Suitablefor

Theanalyticfunctions

fo([)=

ARBITRARYLD?J!DIS~ON

SeriesRepresentation

‘-1(’)=‘(-)-’> ‘“y2Y3)“c-

(k)

(5)

— —--——-——. . ..— ~ . ..-— -.. —— --- _ ,— -
,,
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cm be superimposedtofieldanarbitraryliftdistributimextending
fmm a to+ln.Thefunctionof f-l issimilartothatgimlin
reference5. Theexponentisrestrictedtooddtntegerssothatthe
liftdistributionwillbeanevenfunctionof ~, orsymmetricwith
respecttothecenterlineofthetriangle.Sucha solutionwouldbe
representedbya seriesoftheform

[
f(~)=B i ~ log

R+ ‘&=.(’’.=)-’]

Thevelocitycomponentscorrespond3.ngtotheimlividual

J

term are

.

(6)

Itcanbe seenthatthisfemilyoffunctionshastherequired
WOpertiesofbeinganalytic,vanishingattnfinity,andha- real.
p-s whichareantisymuetricwithrespecttothereal@s tithe
~ phne. Also<the~= termsarezeroemrywhemontherealaxis
exceptat 1~1=m.

Asanexampleoftherequiremsmtthatthereal@ d f(~)be
antisymu+lrlcwithrespecttotherealaxis,itwillbe shownthat
i(~-~~) m.eE#zthiEIre@rement.Forthispurpose~ cm be
takenequalto — sticetheargumentcm berestiotedtothe
regionwherez &mcwhes zero.Itisimmediatelyapprentthat
therealp3rtof i~ isantispnetricwithres~cttotherealaxis.
Thatiiherealpmt&i ~- hasthisqmme~ isnotobviousbut
itcanbe seenasfolhws:

. .

.— ,.. —..~-..-. -- ———. —
. ..”.
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Let

whererl isthelengthOf~ linejoim3ngthepoint,-, onthe
real-stothepoint,~, tilhe~ plane;and qh isthe~e
thisLinemakeswiththepositivedirectionalongthereal-s.
similarly,rz isthelengthofthelinejoining+mto ~ and w
istheanglethislinemakeswiththepositiverealaxis.

Then

g’-m’= (C.*) (C4

= ~=r2ei(qliq2)

Sxld

Z&mnthedefiniticmsof ~ and~, itfollowsthatthereal
partof i~!= isalwaysnegativeabovetherealaxisandalways
positivebelow.!@isisseenbystsrtingata petitabovethereal
axisydth w ad % lessthan fiandfollowinga~athfich does
notpassthroughthatpartoftherealaxisbetwem +mand=.
FollowingaTaththatdoespassbetween+mand- isprohibited
becausetherealpartoff(~)willbediscontinuousthreeifitis
an%isymetric.Therealpartoff(~)isnotdiscontinuousalongthe
real-s outsideof +m~a - becauseitpassesthroughzerothere.

_.— .— - ——— ---------------- . ..— -.. . .—— — —— - –=—.—. ——. —.. ———.——
.,



10 NACA~ NO. 1816 .

orthogonalityRelations

The -l termsareorthogonalintheinterval- to+m and
arezeroattheldmitsoftheinterval.Anyreasonableeyencofical.
l&t distributioncanbeexpandedinaninfiniteseriesof ~ and
WY&l ●

Let

!!

for 1~I~m ontherealsxis,

andfinally

since

Toestablish

toevaluate

fml(m sine)=

=

=

f=~(m sine)=

%n-l(mstie)s

~l(m f3in0)=

theorthogcmality

f

T
z **1 %5-l

=m sine

then

i(sti e – i cos e)-=

(il++l COS e + ~ Sm e)z~l

(-1)-’ei(el)e

(-IF.= [cos(kl)e

real part [f-l (m

(-1)-1c0f3(kl)e

ofthesefunctions,

de:

n-

+ i sin(2DJel(8) “ “

sin e)]

(9)

itisnecessary

r: .cOs(akl)e COS(21-l)e de

Eqmtion(10)istherequiredorthogmality

.

(lo)

relation.
r
.

.

. —— ,, --- —. .
,>” $,.-F ,-
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.

Leth(~)beemyevenfunctionwhichiszeroat ~ =*&

-tingh(m sin6)intheFourierseries,

w

h(msinf3)=
I

b~fi=(–1)-=oos(2&l)e

n=1
,and

It

f

z
b2n-1= (-1)-=2 .h(msinO)cos(2n-1)8de

o
(n)

Thetermaouo= aoz oanbeaddedtoh(msine) togivea lift
distributionwhichisnotzeroat ~ =Am.

Then

or

w

ut(msine) = aofl+
I

bz~l(-l)n-lGOS(2P1)9 (X2)
n=l

-if%

Sinoetherealyartof
(i’o’K)=’ ‘0’ “lsm ‘th

seenthatthe ft(t) whichcorrespondsto Ut(!.)inequation(13)
is

[ cm~%-1(+%7-=1“4)ft(tJ=i aOlog~+

.

,—.— .—— -—.. . . —.x— —.-

.,. .
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whichintemnsof (=msine is

n=l

+ i 6ti(-l)e] (15)

Bytheuseoftheorthogonalityrelation(equation(10))itcan
beshownthatnonetliftiEdevelopedby ~~1 (~) when n is’
greaterthanone.

Thetotalliftisproportionalto

= (-1)*’ m ~~ cos(~l)ecose M

mJCJn=l

fOmk(g)ag= {k] (16)

.

—-, ---- ,— -- —z ——

... . . . . . .
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IYomthisrelationthefactorB, whichrelatesthemagnitudeof
canibertotheliftcoeffici=t,canbeexpressedintermsof a.
and bl, thefirsttwocoefficientsoftheFouierexpansionof
ut(~).

Therefore,if

n=l

then

or
(!L

B=
Z(ko+bl)

(17)

Conditionfora FiniteValueof W(t) at !=0

Theexpressionsfor w~.1 and W. allhavethesametypeof

infinityat ~=0,namely,c~a~ 1-. Byanappro~riaterelation
t

betweenthecoefficientsoftheFourierseries,theresultant
coeffioientof oosh‘1~ maybemadetovanishandtheinfinity
in W(~) at ~=0willsthereby beavoided.

AccordingtoA.Busemamninreference3,the
mfficientconditimthattherebenoinfinityin
that df=oat @.

Differentiatingequation(15.),

(af)e+= i
[ 1~+x(-l)k@-l)b_= W

necess~and
w at C=o is

(&O when&O)

!i?hereforethenecessaryandsufficientconditionthattherebe

—-—.. .. . . . . .. —---- — --- — --- -—--— —-— —— .—-. -.———.
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noMinityin w at ~=o is

w
= o (18)

kThisrelationresrictstheliftdistributiontotheextent
thatthevalueof u at (=0mustbelessthantheaveragevalue,
providedthatnonegativeliftisallowedatanyTartofthewing,
Alsothevalueof u at ~~ dependsontheshapeof thedistri–
butionof u overthewholewing.

ExamplesofFunctionsContainedtitheSeriesIbYelopment

Evaluationof w({) and ~ (~) beccmesinc$reasixqjlycomplicated
forhighervaluesof n. 59 followingisa listoftheexpressions
for u(~),w(~),and ~ (~) ofthOfirstthreetermsofthsseries:
(~eywe~ bri~edbytheme ofeq~ti~ (~), (~),(4),(~),(6),
and(7). A samplederivationisgiveninAppenMxB.) ,

A1GF
m cosh—~II I 1)l+mg @ ~osh_= l+ng

z= m,
—— F= -: (co)

J=?)]1
,

.

-— —— ..— ..— .- —,. -. .T— ——

.. —-

,,



NACA ~~0. 1816 15

4+m2
+wE (~) -:K(~-)

TIMpreoeding.expressionfor g (()
tionofonlythosetermsof w whi~hare

+ : (co)

isderivedfromanintegra–
variableovertheran~

1!I ~ m plusa oonstant&rm whiohisneededalongtheline,~.O.

Foreach~, therewillleonetermfromtheintegrationof
—1

Cosh ?Y whichisinfiniteat ~=0. T&entheindividualsolutions.
areEn@rhposed.ina series,the

imposingequation(18). wrms of
equation(18)havebeendenotedby

cOsl-’~ teamsareremovedby
L

$ (!)whicharetoberemovedby
thesymbol(~) intheta%le.

The ellipticintegralsF andE arecompleteandhene const~t
for ILI~m. Also~~ istakentobe zerofor IL14u dnce w
was to beotiytherealpartofthefunctionresultingfromaninte-
gration.

An~bitraryWedrcilanglecanbeaddedtothewingsurface
alongthewingcenterlinewithoutchangingtheliftdistributionas
longasnopartofthewingisfarfromthe z=Oplane.Thusa term,
a constanttimes

!
canbeaddedtotheequationoftheswface

WithoutChlmgingw ~)oru(g).Yhevalueofthisconstantdetermines
thedihedralanglealongthewingcenterline.Itcanbeseen

-—— —— . .. . .. . . -.---— ...-. —————- .—.. ..— .. -._. ... . . .. .. . .___. .—
.’
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mathematical.lythata term~ equalsconstanttires~ wi12be
proportionalto *, W w (whichequals~) willbe zero.

Sucha termaddedtotheequationofthewingsurfacehasthe
effectofshiftingthestreamsheeth whichthewingliesso
thatitdoesnd passthroughz=O ontheIkchcone.However,
sucha departureisallowableundertheconditionthatnopartof
thew@ surfacesheetliesfarfromthe 2=0 plane.This
representsanapproximationwhichisvalidtothesameorderof
magnitudeasthepracticeofcalculating* in-the2=0 plane

ratherthaninthe- surface.Fore-le, Stewart3ssolution
fortheflattriengleyieldsa V-shaped_urface crosssection
whiohisequivalenttoa flattrianglewhenthedihedralangleis
removed.

EmmplesofSpecificEt Distributions

Fourcaseshavebeenworkedoutushg fo(~),f~(~),endf=(~)
invariousoonibinationswhichmmplywithequation(18).The

e~ssions fcm f(~),u(~),w(~),and~(~)arelistedineachcase.
Gmaphsaredrawnof u =d ~ for C@.o, m=o.~~ infigure2.
Fw proposesofmmqmrison,theflattriangleandmnstsm%load
tiamglearealsoinoludedinthefigure.

~Q ~- Shaws~ fi~~ 2 are~~ ~ ~ s~~e s~e.
(TheunitoflengthinthehorizontalMrectionisequaltothe
verticalunitoflength.) The z=O planeisthehorizontalline. abovethewing.Thesemi- ofthe~ isineachcaseequalto
O.~~ oftheradiusoftheI&ohcircle.Theleadingpointd the
wingwouldbeattheoriginofthecoordinatesystem,a distance
ahead.oftheplanedepictedinthefigureequaltothe.radiusofthe
MachCiX’Cb in that ylane .

The cases ocmidered are most easily evaluded bythe’used
thefollowingtabulatedexpressionsfor u,w,and ~:

‘(’)‘B[aouo’z’b--=“)1
rtq,

,

.

— .=—– ––---—- .,, --



NACATNNO ● 181-6

m

17

I

.

n=l

n=l

The term b= will be zerof= * intheoases
here.

Thecoefficienta. Tcaybetakenequaltolor
eqyalto O, ba my betakenas1,ad %= oanle

mn9idered

O. IXa. is
uhomnwitha

‘1 A termdoes not-a- inwt(~)cmthevaluesuchW&&e oosh
K

(.) termdoesnotapparin ~’(~). !!?hiSchoiceisequi~kntto
&

aatisf~ equation(18).

IWcmeqyation(17),
CL

B = fl(4ao+bJ

ThecoeffiOiOntaf~ duetolift
integration& equation(3).

A termDl&jlisaddedto *(K) tomake .l.lAnoe
—

arbitrarv dihedral male attheoenterllne& theWangle. Far “
example,”D oanbe ~mn the ml.ue reqwlredtoplaoetheleading
edgesatthesamevertical.heightasthecqntirline.Thisvalue
wasusedintheoasesocmsideredhere.

r

. ...- ._ . . ... . ..— .-- .... . ....— . .. .---- .— —.— ——-----. .-— .. -. . ..- . . .-.—.—--



18

CaseI

NACA‘INNO. 1816
●

0

:(t) =%{= (=cosh-=I*I-=cosh-=l=!)
%=1 m= 0.577

o
.05
.10
.15
●20
.22
.24
.26
.28
.30
●35
.40
.45
.50
955
.577

D = 1.486

‘C

-0.459
-.429
-.404
-.383
-.366
-.361
-.356
-*353
-,350
-.347
-.346

0
.1
.2
.3
.4

:%7

0.182
.188
●201
.228
.271
‘.341
.500

\

-.350
-.362
-.384
-.421
-.459

—. —.——.,—— —— — .- —.—
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f(~)=

u(g)=

w(()=

~{) =

C==l

Caf3eII

c
o
.05
.10
●Z5
.20
.22
.24
.26
.28
.30

.45

.50

.55

.577

[W112)E(G3 -5m2K(J-)]-D ,,, }

m= 0.577 ))=122.4~ c,=0.26

-0.546 0
-.489 .1
-.442 .2
-.406 .3
-.3ED .4
-*373 .5
-.367 .577
-.363
:;:

-.365
-.3@
-.410 .
-.449
-..;

u
0.196
.2o4
.224
.253
.206
.302
.250

—-. ——..— —.-— –--— .- —.-. ...—.-.. ~— .— —-. -.. .— —..—. ..—.
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cL=l
c

o
●05
.10
●15
.20
.22
.24
.26
.28
.30
●35

:$
●50
●55
.577

m= 0.577

-0.633
-.549
-.481
-.429
-.394
-.385
–*378
-*373
-*3P
-*3P
-.385
–.414
-.457
-.515
-.580
-.633

D = 10.50

o 0.212
.1 .224

.242
:5 .279

.300
:; .265
● 577 0

C,=0.28

.
— —. —. —. . -- —-— ———
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+

+

CL=l

c
o
.05
.10
●15
.20
●22
.24
.26

w=w=””-=Ii=%--= i%1.1)

m= 0.577 D = 11.984 ~ = 0.26

-0.517
-.k~
–.430
-.398
-.376
–*369
–.364
-.360

0.28
● 30
●35
.40
.45
.5-0
●55
●577

-0.357
–.356
–*359
–*3’P
-.394
-.428
-.476
–.517

!

o
.1

:; “
.4
●5
●577

u
o.lg2 “
.198
.216
.245
.281
.316
.333

. . . . —...—. .. ___..__ ___ . . . .. ___ ----- _ . —.. —— —..—————. ..- —.- —. —.. . .
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ImiLmoN OFIm—mxs

AsH beseeninfigure2,thetheoreticalcoefficientsof
dragduetoliftofthec-er shapesconsideredhsre=e alllarger
thanthatoftheflattriemgle.~ practice,however,itispossible
thatcaseIIandcaseIVwouldhavelowerdragthantheflattriangle
atsomevaluesofliftcoefficientbecauseofthesuppressionof
largeadversepressuregradients.

QuitepossiblycaseIIandcaseIVwouldbecapableofattain-
- a higherliftcoefficientthantheflattrianglebecauseof
theirfavorablepressuregradients,althoughtheflattriangle
pressure.distribtiionwouldbe superimposed”ontheirpressuresat
liftcoefficientsotherthanthatforwhichtheyaredesigned.

CaseIIIhasthemostradicalcember,whichmightcagse
uncslculatedadditionstothedragaswellasflowseparation.

Theoreticallythedihedralangleinthesurfaceshapeis
-bitrary.Inpractice,however,variationofthisparamtermight
resultinanoptimumofcharacteristicsatotheranglesthanthose
choseninfigure2. .

Whilethelineartheorycannotbeexpectedtoapplyforvalues
ofliftcoefficientgreaterthanabout0.25,thecalculationswere
madeata liftcoefficientofonetobetterillustratethewing-
surfaceshapes.Thisvelu.eofliftcoefficient,0.25,isdso ~
approximatelimitbeyondwhichtheassumptionthatnopartofthe
wingliesfarfromthe z =0 planeisinvalid.

Thesesolutionsareapplicableto swept~ackorotherw-s
obtainedbycuttingouttlieresrofthetrianglealonglinessuch
thatnopartoftheremainingwinglieswithinthezoneofinfluence
ofthepartsremoved.

AmesAeronauticalLaboratory,
Iiationel.AdvisoryCommitteeforAeronautics,

MoffettField,Cslif.

AE!ENDIXA

symbols
comnonfactorof u,wyandz wliichrelatesthemagnitudeof
canibertotheliftcoefficient

J

.

.

“
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%

CL

D

E

f(g)

s

Ujvjw

coefficientofdr~ duetolift

liftcoefficient

constant,the valueofwhichdeteminesthearbitrary
dihedralangleatthecenterlineofthetriangle

ell.ipticintegralofthesecondkind(eithercompleteof
incomplete)

y+iz
complexvariableequalto

_ic fuuctionofthecomplexvsri@le~ suchthatthe
realpartof f(~)equalsu

incompleteellipticintegralofthefirstkind“

completeellipticintegral.ofthefirstkind

horizontalslopeoftheleadhgedgeofthewing

Machnuniber(equalto@ )

thedifferenceinpressurecoefficientbetweenupperand
lowerwingsurface

()-C pressureL zpv

wing area

fractionalperturbationvelocitiesasfractionsofthestream
velocity

U dividedby B

streamvdocity

Cartesiancoordinates

y alsousedascomplexvari~leequalto ~equalto ~

dummyvariablesusedinintegrationswhena l@it ofintegra-
tionistLorx

—. —-. .-. .— —-.....-—. .--y ?.... ---- —— _ __— _ .“. -—. —— -. . . . . . . _____ . . ..— .
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1

0
I

] ] absolute value

(=) termsh theequationofthewing
remvedbythesuperpositionof

.1
I

surfacewhicharetobe
otherindependentsolutions

sAMRmcALcmAmoNoFmwom II? TABLEOF U,w,m:
I

Fromequation(5)

Since the stisequentcalculationssremadeintheplane
z = O, ~ isa reslvariableequalto ~.

I?tomequatim (7)

~’~.p .Jp@ for,,.

(Bl)

(B2)

(33)

Thekst e ualityholdsbecausethesecondtermontheright
1ofequation(B3 is~ for ~~m

,.

.

.

I

.—._ _ -...—. -—— —-— —. .... . ——-.
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MWiththesubstitution,# = ~~

Thetwotermsontherightofthelastequalityarerecognizedas
completeellipticintegralsofthesecondandfirstki@ respectively,
sothat

Thesamesubstitutionleadstotheresult

(B4)

-1? sin-’=( -jj E )fOr !>m (B5)

.

Theseexpressionsallapplyfor ( negativeaswellas
positivebecauseWI isanevenfunctionabout~.= O.

Thusfrom(Bl), (B2), (B3), (B4), and(B5)

W1
{. I

‘ ; if- - cosh-l~ - E ~~) +K@i)
!

}forl~l~m

-.. . ---- —- ——..— . . ..-. —. ;-..-.. . .. --—-- --—. --- +-. — _—.. .———-.... .. -–-,. .-. —-
,.~
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and

Fromequation(lb)

(B6)

Sincethedihedralangleatthecenterofthetriangleis
arbitrary,theellipticintegrals,whichme completeandhence
constantfor ICl~m,neednotbe includedintheintegration.
However,toachievethecorrectangleofattackatthecenterline,
theymustbetakenintoaccount.Thisoperationcanbeaccomplished
mostsimplybytheuseofequation(la),whichis

Thusalongthecenterline,thetermof z= fromtheelliptic
integralsintheexpressionfor WI is

f

x

o

‘meterms H-1 1resulttngfromtheintegrationof cosh ~ wilJ.
beremovedby a superpo~itionofother-soltiionsaccordi&’to
equation(18)toavoideninfiniteangleofattackatthecenter
line. Suchtermsaredenotedbythesgnbol(CV)intheexpression
for ~.

Theonlytermof W1 notyetconsideredis ; Jz+ Inserting

thistermin(B6)yields
J

.

.-— .–— — . —, .—
.; .,,,- ,’
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Thusfrom(B6),(B7),and(B8)
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z

.

v

=5=’
Figure /. - (hfnbered triangular wingof an ongle

of uttack showingthe coofu’inufesystem
.
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Fiat triungle
Plane, 2=0

Surface shape
(2A)

Lift distribution
(u)

Theoretical G’ .235

Constant load

.29

Case I

.25 “
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P/one, 2=0

surface shape
[z/x)

Lift distribution
(u)

Theoretical CD

, Cuse Z

.26

Case lZZ

.28

Figure 2.- Gross sections of wing surfoce shapes and fift
-=5=

distributions (G~=l).
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